In this report we use electric field data measured aboard the low-altitude Ogo 6 spacecraft [Heppner, 1972] to determine the gross radial variation of the equatorial convection electric field. To transform the electric field from low altitudes to the equatorial magnetosphere, we assume that the earth's magnetic field is dipolar and that E ß B --0. To determine the radial variation of the electric field, we fit the data between L --4 and 10 to a power law function of the form ß --cL • sin • where E ---V• and • is azimuth. We find that in general the convection electric field magnitude decreases with decreasing radial distance (to > 1), implying that the field is partially shielded from the inner magnetosphere. This result is consistent with prior theoretical and experimental work. We find, in addition, that the magnitude of the radial variation of the electric field is a function of geomagnetic activity such that tc varies inversely with Kp for Kp •< 3, and tc -• I for Kp • 3. We argue that this •-Kp relation probably reflects the fact that the electric field is shielded only within the ring current which moves radially inward as Kp increases. Only for Kp •< 3 does the region of measurement (L --4 to 10) include the region of shielded electric field in and near the ring current inner edge. For Kp • 3, the measurements sample the electric field only outside the region of shielding.
INTRODUCTION
There has recently been renewed interest in using the concept of particle convection in the earth's magnetosphere to explain both steady state and time-dependent particle observations. Two different, but not necessarily conflicting, approaches to the problem have been taken. In theoretical studies based on the self-consistency argument of Vasyliunas [1970] , Jaggi and Wo/f [1973] and Wo/f [1974] numerically calculated the time evolution of the convection electric field following a sudden enhancement of its magnitude. They realized that the field magnitude was partially influenced by the distribution of particles in the magnetosphere, and their calculation showed how the spatial particle distribution, modified by the convection electric field, would in turn modify the electric field. Their results predicted extremely strong shielding of the e.lectric field earthward of the ring current inner edge. Using a fluid approach to the same problem, Southwood [1977] arrived at similar conclusions.
The shielding results from the closure of magnetospheric currents in the resistive ionosphere. In response to an increase in the convection electric field magnitude, particles convect earthward and set up pressure gradients which, through momentum conservation, give rise to currents perpendicular to the magnetic field. The perpendicular current is not divergence free if there is any component which flows across contours of constant flux tube volume, and consequently a net field-aligned current is produced [Southwood, 1977] . In order for the total current density to be divergence free, these fieldaligned currents close in the resistive ionosphere. The resulting ionospheric potential drop maps back into the magnet- Although the approach to modeling the electric field that was taken by Jaggi and Wolf [1973] and Wolf [1974] was a serf-consistent and consequently physically valid one, the need to assume a magnetospheric particle distribution and repeat the iterative procedure performed by these authors is both time consuming and cumbersome. In addition, the results of the computation are extremely sensitive to the choice of a distribution, and the particle population in the magnetosphere is not well known. An alternative approach for performing convection calculations, then, is to assume a form for the electric field with large-scale properties consistent with the Jaggi and Wo/f [1973] , Wo/f [1974] , and Southwood [1977] resuits. Such a form was proposed by Volland [1973] , who assumed that the total electric field in the equatorial plane of the inner magnetosphere (L < 15) could be derived from the electrostatic potential given by 91 kV
where c is proportional to the cross-magnetospheric potential drop in kilovolts, L is equatorial distance in earth radii, •b is azimuth measured counterclockwise from noon, 91 kV is the corotation potential, and tc is a parameter which characterizes the extent to which the electric field penetrates to low L (to --1 for a uniform field, and it increases with increasing shielding). Implicit in the form of (1) They found that either • --I or • = 2 fit the measurements better than larger values of •. A shortcoming of these previous studies is the treatment of • as a parameter independent of the level of geomagnetic activity. It must be recognized that the magnitude of the electric field, and therefore the amount of ting current particle penetration, depends on Kp [Kivelson, 1976] . Since it is these ting current particles that are responsible for the shielding, we cannot ignore the possibility that K depends on Kp. In the following analysis we too set about to determine the value of •, but we let Kp be an independent parameter. We find that • depends on Kp in a manner consistent with expectations based on convection theory.
ANALYSIS
Our approach to determining • is to analyze the radial dependence of directly measured large-scale electric field magnitudes. Such a data set is available from the dc electric probe measurements aboard the low-altitude, polar-orbiting Ogo 6 satellite [Heppner, 1972] . The Ogo 6 probe operated for approximately 2 weeks, from June 9 to 22, 1969. During this time the satellite crossed the polar cap approximately in the dawn-dusk meridian with an apogee of 1100 km and a perigee of 400 km. The data presented by ' Heppner [1972] were reduced so that the corotation electric field and the electric field due to the satellite's motion through the earth's magnetic field were removed. The remaining (convection) electric field was in the north-south (latitudinal) direction at the low-altitude points of observation.
To determine •, we must first transform the electric field magnitude and position of observation to corresponding values in the equatorial plane. We first assume that the earth's magnetic field is that of a dipole so that L cos 2 A --1
where A is invariant latitude, which we take to be X, the latitude of observation. We next assume that there are no potential drops along the field line, so that at dawn or dusk the total potential drop across a given increment of geomagnetic lati- A large nonmonotonic variation of the electric field magnitude with L was seen during the interval for which • was found to be -0.2. which is shown in Figure 3 . The field magnitude was significantly reduced at L values between 6 and 9, and it is clear that this large variation invalidates the linear regression technique used to determine •. For values of L < 6, the field varied with L at a rate corresponding to • -• 2, but it is not known whether spatial or temporal variations in E were responsible for the low magnitude at large L. We do note that the region of low field magnitude corresponded to the auroral zone where parallel fields are known to exist [Mozer et al., 1977] . Therefore the • = -0.2 result is one which does not satisfy the assumptions of our analysis and should not be regarded as meaningful. The above scenario qualitatively fits the observed •-Kp dependence as well as the considerations discussed above. We first note that convection time scales, the time required for particles to come to semi-equilibrium following a change in the convection electric field strength, is several hours [Ejiri, 1978] , roughly equivalent to the time scale for changes in •c as discussed at the beginning of this section. Thus changes in • that we observe keep step with radial changes in ring current particle convection boundaries, consistent with the idea that the electric field varies spatially within the ring current particle distribution and that the position of the ring current distribution depends on Kp. That the variation of • with Kp is smooth suggests that the transition between shielded and unshielded spatial regions is gradual. We suggest here that such a gradual transition is further evidence for the diffuse nature of the ring current inner edge. We also note from Figure 1 that, excluding the g ---0.2 interval, g • I for most intervals in which Kp • 3. This result suggests that for Kp • 3 the ring current inner edge is situated close to the earth (L _< 4) and that we are sampling the region of space beyond the inner edge where we expect the electric field to be unshielded.
There is one additional comment that we should like to make at this point, and that is we might envisage a situation in which the causal relation between g and Kp is reversed, with Kp depending on •c. Particles penetrate far earthward under the influence of an unshielded convection electric field (small •c) and then precipitate owing to some loss mechanism such as pitch angle diffusion resulting from wave-particle interactions. This enhanced lower-latitude precipitation leads to an increase of geomagnetic activity as observed on the ground. A possible way of deciding on the correct causal relation between •c and Kp is to examine the time delay between our calculated g and some finer scale indicator of geomagnetic activity such as AE, and we are attempting such a correlation.
